Objective: To test the hypothesis that myocardium specific proteins may be useful markers for evaluating the severity of congestive heart failure. Methods: Serum concentrations of myosin light chain I (MLC-I), heart fatty acid binding protein (H-FABP), creatine kinase isoenzyme MB (CK-MB), and troponin T (TnT) and plasma concentrations of brain natriuretic peptide (BNP) were determined in 48 patients with acute deterioration of congestive heart failure, both before and after effective treatment. Results: Before treatment, MLC-I (mean (SEM) 3.2 (2.2) mg/l), H-FABP (9.0 (3.5) mg/l), TnT (30 (21) ng/ l), and BNP (761 (303) ng/l) were higher than the normal reference range, and concentrations of CK-MB (5.4 (2.9) mg/l) were near normal. Treatment of congestive heart failure with conventional medication significantly decreased the concentrations of MLC-I (1.2 (0.3) mg/l, p , 0.0001), H-FABP (6.0 (2.0) mg/l, p , 0.0001), CK-MB (2.9 (1.5) mg/l, p , 0.0001), TnT (9 (1) ng/l, p , 0.001), and BNP (156 (118) ng/l, p , 0.0001). The decreases in H-FABP and CK-MB concentrations after treatment correlated with the decrease in BNP concentrations (p , 0.05). The absolute concentrations of MLC-I, H-FABP, CK-MB, and TnT correlated positively with those of BNP (p , 0.01). Conclusions: These findings suggest that MLC-I, H-FABP, CK-MB, and TnT may be used as reliable markers for the evaluation of the severity of congestive heart failure.
T he incidence of congestive heart failure (CHF) has increased greatly over the past two decades.
1 Although significant advances have been made in the treatment of CHF, 2 the mortality and morbidity rates remain high, with one year mortality rates of 40% or higher in patients with advanced CHF. 3 A number of clinical studies have shown that CHF results in neurohormonal alterations such as increased plasma concentrations of noradrenaline, atrial natriuretic peptide, and brain natriuretic peptide (BNP) or activation of the renin2angiotensin system. 4 5 Of these, BNP appears to be the most powerful neurohormonal predictor of left ventricular function and prognosis. [6] [7] [8] However, myocardial structure is also altered in CHF. Non-contiguous areas of myocardial cell death and foci of replacement fibrosis are typical morphological changes in advanced CHF. 9 10 Structural abnormalities in viable myocytes are also observed in non-ischaemic CHF, including hypertrophied myocardial cells, degeneration of subcellular organelles, lack of contractile materials, and increased cytoskeletal elements. 9 These morphological changes may be accompanied by an increase in serum cardiac proteins. [11] [12] [13] Myofibrillar proteins may be released into the circulation through degeneration of myofibrils, and cytosolic proteins may be released through leakage due to increased permeability of the membranes of injured myocytes. We were, thus, interested in a fundamental hypothesis that myocardium specific proteins may serve as useful markers in evaluating the severity of CHF.
The objective of the present study was to assess the clinical value of quantifying serum concentrations of the cardiac proteins myosin light chain I (MLC-I), heart fatty acid binding protein (H-FABP), creatine kinase isoenzyme MB (CK-MB), and troponin T (TnT) in the evaluation of the severity of CHF or the effect of medication on patients with CHF. We quantified the concentrations of these cardiac proteins in patients with acute deterioration associated with CHF both before and after appropriate treatment and compared the concentrations of the proteins with those of BNP.
METHODS

Subjects and study design
The study protocol was approved by the ethics committee of our hospital and each subject gave written informed consent before the start of the study. We studied 48 consecutive patients (27 men and 21 women with a mean (SEM) age of 69 (2) years) who were hospitalised with acute deterioration of CHF associated with dilated cardiomyopathy (table 1). All had impaired left ventricular systolic function (left ventricular ejection fraction , 50% on two dimensional echocardiography) and symptomatic heart failure (New York Heart Association (NYHA) class II to IV). The diagnosis of dilated cardiomyopathy was based on a carefully taken history, physical, laboratory, and radiological examinations, and findings on echocardiograms, coronary angiograms, and endomyocardial biopsy. No patients had stenosis greater than 75% on coronary angiograms. None of the patients exhibited clinical symptoms or signs suggestive of acute myocardial infarction, unstable angina, or acute myocarditis, and none had undergone cardiac or non-cardiac surgery in the three months before admission. Patients with severe pulmonary disease, acute or chronic renal or liver disease, uncontrolled hypertension, or inflammatory illness were excluded from the study. On admission, a clinical history, physical examination, ECG, echocardiogram, and laboratory data were obtained and a venous blood sample was taken for the measurement of MLC-I, H-FABP, CK-MB, TnT, and BNP Abbreviations: BNP, brain natriuretic peptide; CHF, congestive heart failure; CK-MB, creatine kinase isoenzyme MB; H-FABP, heart fatty acid binding protein; MLC-I, myosin light chain I; NYHA, New York Heart Association; TnT, troponin T (acute phase). Then all patients received intensive treatment with intravenous administrations of diuretics, catecholamines, carperitide, or phosphodiesterase inhibitors. The evaluation was repeated after stabilisation of clinical findings and symptoms (stable phase). The time between the first and the second biochemical evaluation was 52 (5) days. Table 2 lists medications during the stable phase.
Biochemical measurements
For BNP measurement, 3 ml of blood was transferred to a plastic tube containing 4.5 mg of Na-EDTA and 1500 U of aprotinin. For measurement of MLC-I, H-FABP, CK-MB, and TnT, 5 ml of blood was transferred to plastic tubes. Serum and plasma samples were prepared within 30 minutes of blood sampling in a precooled centrifuge and were immediately frozen and stored at 270˚C until used for analysis. BNP and MLC-I concentrations were measured by radioimmunoassay (Shionoria BNP kit, Shionogi Co Ltd, Osaka, Japan and Myosin LI kit Yamasa, Yamasa Co, Chiba, Japan, respectively). H-FABP was measured by enzyme linked immunosorbent assay (ELISA) (Markit-M H-FABP, Dainippon Pharmaceutical Co, Chiba, Japan) and TnT was measured by electrochemiluminescence immunoassay (Elecsys Troponin T III, Roche Diagnostics GmbH, Mannheim, Germany). CK-MB was measured by immunochemiluminometric assay (Chemilumi ACS, Centaur, Bayer Medical Co Ltd, Tokyo, Japan).
14 The analytical range, intraand interassay coefficients of variation, and normal reference range (99th centile of the control population) of the assay were: 4.022000 ng/l, 10.9% and 10.6%, , 18.4 ng/l for BNP; 1.02250 mg/l, 3.0% and 5.1%, , 2.5 mg/l for MLC-I; 1.12250 mg/l, 3.0% and 3.5%, , 6.2 mg/l for H-FABP; 0.652500 mg/l, 2.5% and 2.6%, , 5.0 mg/l for CK-MB; and 10225 000 ng/l, 2.4% and 11.4%, , 10 ng/l for TnT, respectively.
Statistical analysis
Data are expressed as mean (SEM). A paired Student's t test was used to compare and analyse differences in continuous variables that had a normal distribution between the acute and stable phases. Because the distributions of MLC-I, H-FABP, CK-MB, TnT, and BNP concentrations were skewed rightwards, median concentrations were computed for these parameters and expressed as median value (median absolute deviation). The significance of any difference in medians was assessed by the Wilcoxon signed rank test and correlations between these variables were assessed by the Spearman rank correlation test. A probability value of p , 0.05 was considered significant.
RESULTS
On admission, all patients had worsening CHF with increased cardiothoracic ratios on chest radiographs and decreased left ventricular systolic function on echocardiograms (table 1) . The circulating concentrations of BNP were higher than the normal reference range in all patients (fig 1) . Biochemical analysis showed that serum concentrations of proteins derived from myocardial cells (MLC-I, H-FABP, and TnT) were higher than the normal reference range, and the concentrations of CK-MB were near normal (fig 1) .
All patients were successfully treated, resulting in improvement of their symptoms and physiological findings; the NYHA functional class, cardiothoracic ratio, and findings obtained from echocardiograms all improved (table 1) . Effective medical treatment significantly decreased not only BNP but also MLC-I, H-FABP, CK-MB, and TnT (fig 1) . The decrease in H-FABP and CK-MB, but not in MLC-I and TnT, concentrations after treatment significantly correlated with the decrease in BNP concentrations (fig 2) . In addition, the absolute concentrations of MLC-I, H-FABP, CK-MB, and TnT correlated positively with those of BNP in patients with CHF ( fig 3) .
DISCUSSION
Structural changes associated with severe CHF are characterised by degeneration of subcellular organelles in viable myocytes and multiple foci of myocardial cell death. 9 10 Thus, we hypothesised that circulating concentrations of specific cardiac proteins may be useful as markers for the evaluation of the severity of CHF. The present study has shown that circulating concentrations of the cardiac proteins MLC-I, H-FABP, CK-MB, and TnT correlated with the concentrations of BNP in patients with CHF. Since circulating BNP concentrations are increased in patients with CHF in proportion to the severity of the disease, the results of this study suggest that these specific cardiac proteins may be useful as powerful markers for determining the severity of CHF.
In the present study in patients with CHF, the concentrations of MLC-I, H-FABP, CK-MB, and TnT were higher on admission (acute phase) than under the stable conditions achieved after appropriate treatment. The results are compatible with previous reports that circulating concentrations of Cardiac proteins in heart failure 1305
www.heartjnl.com group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from troponin I, TnT, and MLC-I are increased in advanced CHF. [11] [12] [13] These proteins are specific to myocardial cells, suggesting that the increase in protein concentrations reflects cellular injury of the myocardium in advanced CHF. The presence of myocardial cytosolic proteins such as H-FABP and CK-MB in serum from patients with severe CHF implies that permeability of the membrane of injured myocytes has been compromised and that the release of the cytosolic proteins into the circulation may be caused by leakage. 15 However, this concept does not explain the appearance of MLC-I or TnT in the circulation, as the majority of these proteins are present in the contractile apparatus and not in cytosol. 13 In severe CHF, myofibrils may degenerate and, subsequently, the myofibrillar components may be released into the circulation. 11 13 Indeed, degeneration of hypertrophied myocardial cells has been reported in human dilated cardiomyopathy. 9 The mechanisms of ongoing myocardial damage in patients with CHF have not been established, but experimental models provide insight into the cellular and molecular mechanisms that contribute to the progression of CHF. Microcirculatory abnormalities of coronary arteries have been implicated in the aetiologies of human cardiomyopathy. 16 These may be contributing factors to focal myocardial necrosis and replacement fibrosis. 13 Recently, other mechanisms have been identified that also mediate the progressive impairment of cardiac structure and function including neurohormonal factors, oxidative stress, and some cytokines. 17 Each of these factors can promote cardiac cell death by producing either myocyte necrosis 18 19 or myocyte apoptosis through activation of specific genetic pathways. 20 21 These structural changes may accelerate left ventricular dysfunction, which increases left ventricular filling pressure resulting in secretion of BNP. Thus, it is hardly surprising that circulating concentrations of these specific cardiac proteins correlate with those of BNP in CHF.
Appropriate treatment greatly decreased the concentrations of MLC-I, H-FABP, CK-MB, and TnT, suggesting that the cardiac markers are quite sensitive to changes in left ventricular haemodynamic dysfunction. Strikingly, the decrease in H-FABP and CK-MB concentrations correlated with the decrease in BNP concentrations. This indicates that concentrations of the marker proteins appear to be related to left ventricular filling pressures and can give clinically important information for the treatment of CHF. Since BNP concentrations may serve as a useful prognostic indicator in patients with CHF, 7 8 22 the marker proteins may also provide useful information on the prognosis of CHF. BNP and the marker proteins may have a complementary role in the prognostic assessment 23 because BNP and the marker proteins provide intrinsically different information. However, further studies are necessary to confirm this hypothesis.
The interpretation of the present results is limited by the small number of patients studied. However, the clear correlation between the absolute concentrations of the specific cardiac protein markers and of BNP and between the decrease in the concentrations of the cardiac markers and of BNP shows that cardiac proteins may serve as reliable markers for the evaluation of the severity of CHF or the effect of treatment of CHF. Since BNP concentrations do not appear to indicate the severity of CHF in some cases, measurement of the circulating concentrations of these cardiac proteins in combination with BNP may provide more useful information than measurements of BNP concentrations alone in the management of patients with CHF. T Goto, H Takase, T Toriyama, T Sugiura, Department of Internal Medicine, Enshu General Hospital, Hamamatsu, Japan K Sato, Department of Internal Medicine, Johoku Hospital, Nagoya, Japan R Ueda, Y Dohi, Internal Medicine and Molecular Science, Graduate School of Medical Sciences, Nagoya City University, Nagoya, Japan Figure 3 Correlations between the absolute values of specific cardiac proteins and of BNP in patients with congestive heart failure. The circulating concentrations of MLC-I, H-FABP, CK-MB, and TnT correlate with those of BNP.
